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They represent the foundation that leverages the creation of new digital services and even new business models. 3 As a strategic resource for companies, data is considered an asset that, like any other material good, has a fi nancial value and whose management generates costs. Data created, collected or used in individual business processes can be sold to other organisations as raw or processed data, so that it no longer serves as an enabler of products, but is the product itself. 4 This leads to the paradigm that data assets can be monetised by exchanging and trading data between organisations.
Against this background, numerous digital platforms have emerged in recent years whose primary business model comprises the trading of raw and processed data and the provision of data-related services. 5 Data marketplaces, which will be considered in more detail in this article, are becoming increasingly popular in theory and practice. In general, the platforms offer an infrastructure for data exchange by acting as intermediaries that create a link between data providers and data buyers. 6 However, data has different characteristics compared to tangible products that prevent the direct transfer of established processes and rules of trading goods, especially in terms of pricing mechanisms. 7 In trading data, there is less willingness to pay. For example, data buyers often do not recognise the potential value of data items because it cannot be fully disclosed prior to purchase (known as the 'Arrow paradox'). 8 In addition, there is often a lack of notion that the creation, processing, storage and distribution of high-quality data is a major cost factor for the data provider. Another obstacle is the lack of trust and security causing potential data providers to fear that competitors could benefi t from disclosure of in-house data. 9 Considering the urgent interest in data marketplaces as trading platforms for data goods, this article aims to provide an overview of the concepts of data marketplaces, current trends and the possibilities for organisations to monetise their data goods. The key questions addressed in this article are the economic and technological characteristics of data marketplaces and how currently existing or rising platforms could be classifi ed.
Data marketplaces
Digital platforms act as intermediaries which connect two or more market participants via the platform and simplify their interaction. By linking several actor groups via the marketplace, a more effi cient interaction is made possible through standardised interfaces and services. If a market is determined by a digital platform, these platforms constitute a data-driven overall system that handles all market transactions. 10 A market is a meeting place for suppliers and consumers who exchange goods among themselves. 11 According to the 'one-sided' view, this exchange (interaction) takes place directly between two distinguishable user groups (market sides). In multilateral markets, on the other hand, the interactions between the market sides are made possible by platforms (intermediaries) which themselves are not involved in the 'direct' interaction. 12 Despite the large number of academic contributions, there is no uniform defi nition of data marketplaces. 13 However, different data marketplaces may vary from each other in terms of their underlying business model, type of data offered, functionality, market mechanisms, etc. This means that a clear distinction between the terms 'data marketplace' and 'data provider' (often also referred to as 'data broker', 'data supplier' or 'data vendor') often is not Forum made in the literature. 14 In order to form a common understanding of the differences and how data marketplaces are considered in this article, it is therefore necessary to defi ne these concepts.
A data marketplace can be understood as a digital platform on which data products are traded. 15 These platforms must act like a neutral intermediary and allow anyone (or at least a large number of potentially registered customers) to upload and sell their data products. Data marketplaces can provide both static data or (dynamic) data streams and allow access via various access types, such as individual fi le downloads, APIs or customised web interfaces. 16 Therefore, data marketplaces provide standardised licensing models, as well as regulations regarding data access and usage.
A data provider is an organisation or individual that 'owns' 17 data and offers it to others, either for a fee or free of charge. However, it is important to note that a data provider can make its data available not only in neutral data marketplaces, but also on proprietary closed platforms in bilateral exchange. 18 For clarifi cation, the relationship between data marketplace operators and data providers as well as other players is explained in more detail in Figure 1 .
In recent years, the data market has been dominated mainly by commercial and privately-managed trading platforms that operate within closed systems and sell their data primarily through bilateral exchange relationships.
This dominance is weakening as some multilateral and open data marketplaces have emerged (and continue to emerge) in recent years. Table 1 provides a list of the identifi ed data marketplaces used for further analysis.
Classifi cation of data marketplaces
At the strategy level, the reference focuses on describing the business model of a data marketplace. In order to answer the leading research question, namely to enable the classifi cation of data marketplaces in the context of data economics, a taxonomy is developed that clearly presents the essential elements of the business model in the form of a morphological box and makes the existing solutions comparable on the basis of defi ned dimensions. 
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In the following subsections, the development process of the taxonomy, including modelling techniques and design decisions, is described in detail and summarised.
Taxonomy development
Since the taxonomy to be developed should cover all possible business models of the data marketplaces, it must be designed in such a way that it covers the entire bandwidth of the observation framework. 19 ing point for the dimension determination. 20 As such, the three elements known as value offer, value creation and value yield represent the meta dimensions of taxonomy development. Furthermore, with regards to the technological infrastructure of a digital trading platform, value architecture was added as an additional meta dimension, which originates from the V4 framework for business modelling of Al-Debei et al. 21 Value architecture is the technological and organisational infrastructure used to deliver products and services to customers. 22
On this basis, scholarly publications addressing conceptual analysis of data marketplaces and marketplace instances were considered according to sector-specifi c economic differentiation characteristics. To add another perspective, the key factors for setting up successful digital trading platforms according to von Engelhardt et al. were used to identify the dimensions and correlated with the generally applicable industry-independent business model dimensions. 23 Figure 2 shows the development of the dimensions used in this paper. As illustrated in Figure 2 , the meta dimensions served as a general frame of reference and conceptual starting point for the creation of taxonomies. By including the platform key factors, a total of eight fi nal dimensions (or data marketplace characteristics) were derived in the course of the conceptual-empirical procedure that characterise the business model of a data marketplace and differentiate the various solutions.
This section presents the fi nal taxonomy, which consists of eight differentiation attributes and the corresponding characteristic values (see Figure 3 ). The classifi cation scheme developed is represented in the form of a morphological box, which provides an intuitive insight into the model structure. 24 The development of the classifi cation scheme for the classifi cation of data marketplaces addresses leading research questions.
Identifi ed data marketplace characteristics
The value proposition indicates which core offer the data marketplace provides in order to instil added value for platform users. Here, a distinction is made between transaction-centred and data-centred trading platforms. The former focuses on the switching function of data goods and data services, i.e. the platform brings two parties together, Forum either by providing the necessary infrastructure or by direct switching. The data-centric marketplace also provides tools for data analysis, visualisation and preparation within the platform infrastructure in order to gain new insights from the data goods. IOTA, Streamr, and DAWEX are examples of transaction-centric marketplaces. In contrast, the Telekom Data Intelligence Hub, Advaneo, and Caruso are exemplary data-centred trading platforms.
The characteristic market positioning provides information about the independence of the platform. A distinction is made as to whether data marketplaces are operated by the same actors that are also involved in direct data trading (data providers), or whether the marketplace operator is neither on the supplier side nor on the buyer side (neutral). 25 As a rule, large companies in particular operate their own data platforms to manage regular data interactions with third parties, while smaller companies tend to exchange data via neutral platforms.
The degree of openness of a platform is defi ned by market access. Closed marketplaces regulate access to their platform and are thus limited to cooperation with selected partners. Open marketplaces, on the other hand, are aimed at a broad and unknown group of participants, which increases the activities on the platform through a larger target group, but reduces control over the quality and use of the data products on that marketplace. Mixed forms enable the exchange between selected actors while simultaneously opening a part of their platform for newcomers -if they fulfi l certain requirements.
The degree of integration determines the domain spectrum of the data types traded on the marketplace. 26 On the one hand, a data marketplace can have a broad and rather general data offering that extends across several industries or sectors. Yet on the other hand, there are marketplaces that specialise in trading within a particular data domain. The DAWEX Data Marketplace is a prominent example of a cross-domain data marketplace while the Caruso Marketplace is an example of a domain-specifi c data marketplace.
The characteristic data transformation differentiates the degree to which the data in the marketplace is syntactically or semantically checked and prepared. Thus, the value-added services in raw data trading are limited only to the forwarding of data packages or data streams in the unprocessed form. Within the framework of data normalisation, data is compared with a standardised data model and converted into a syntactically uniform format. In data aggregation, data is collected by the marketplace operator in a report-based, aggregated format, presented and organised into logical packages to prepare combined data sets for further analysis. Quality assurance guarantees the high or constant quality of the data traded on the data marketplace through consistency and quality checks.
With regard to the platform architecture, a distinction can be made between the centralised and decentralised approach. 27 In the former, the data products are offered by different providers via a central location (e.g. a cloud infrastructure), which enables the immediate processing of data within the platform and better access control. In addition, data providers do not need to establish technical and organisational measures to provide data to other actors. With decentralised platform architecture, however, content data remains with the provider. This approach favours the preservation of data sovereignty, but makes the exercise of data processing and data storage more diffi cult for the actors. Hybrid platform architectures combine both approaches by making decentralised data trading possible and by providing supplementary technical infrastructure support the central approach.
The price model specifi es the composition of the fi nal price paid by the data buyer for the data product. Six basic variants can be distinguished. 28 Data from public authorities or non-profi t organisations is often available free of charge. Such free data offers help the data marketplace, for example, to attract new users to the platform. In the fi xed-price or subscription price model, data is made available for a certain period of use. In the case of package prices, differently staggered packages are offered at a fi xed price for a certain period of use and quantity, so that larger packages are more expensive, but relatively cheaper per unit. The pay-per-use model sets a price for each unit consumed and measures the fi nal price based on the units consumed.
The progressive price is based on the demand for the data products. Accordingly, the price increases the more customers purchase a license to use the data set. This price model is used if, for example, the dissemination of data products is to be restricted.
The revenue model refers to the specifi c pattern of turnover generation, i.e. it explains how the marketplace operator earns money. Marketplaces usually calculate a commission for each data transaction. Fees are also charged for data marketplace membership, listing of data products, storage space or use of data services. With Freemium revenue models, the platform user must pay a fee for an extended or full range of functions, while basic functions Forum can be used free of charge. In the fl at rate tariff, customers pay a lump sum irrespective of the scope of use of the service. There are also marketplaces (particularly those of the public authorities and non-profi t organisations) which make their platforms available free of charge and without restrictions.
Challenges and trends
There is currently a clear trend towards the development of new trading platforms specialising in the commercial exchange of data. 29 Data as an economic asset is a high priority in the aforementioned development of a data economy, which has a signifi cant infl uence on business models and the overall effi ciency of business processes. 30 In 2015, about 70% of large companies bought data and it is expected that this will rise to 100% in 2019. Simultaneously, a growing number of companies are beginning to make money selling their data. 31 Therefore, data marketplaces, which were identifi ed by a review of different scholarly as well as practitioner's publications during a heuristic web search, are analysed by their characteristics to provide an overview of the current meta of data marketplace approaches (see Table 2 ). The selection is limited to data marketplaces with a commercial focus and therefore does not take into account the multitude of available platforms on which data can be made available for non-commercial purposes, often referred to as open data.
Challenges
As illustrated in the market analysis, data are still rarely traded in practice via multilateral data marketplaces. 32 Thus, it appears diffi cult to establish data marketplaces permanently on the market. A major obstacle in data sharing is the lack of trust and security. Data owners fear the loss of control over their data if it is reused by third parties. 33 In addition, companies worry that their data could be useful to other stakeholders and in such be harmful to their own business interests. Another reason for the failure of data marketplaces can be attributed to the fact that many customers are not prepared to pay the required price for the data. This is partly because they do not recognise the value of the data before purchasing it and partly because the costs associated with ensuring data quality are not understood. 34 As a matter of fact, there is a need for clear valuation procedures, which are not yet available, mainly because data has fundamentally different characteristics than material goods. 35 Furthermore, the absence of legal frameworks restricts the advancement of data marketplaces, which leads to considerable legal uncertainty with regard to trading data. For instance, data as such is currently not protected by intellectual property rights. 36 Thus, there are no clear liability rules that could be asserted in the event of violations of the terms of use. In order to solve this problem effectively, changes to the applicable law are to be expected by 2025 in order to specify both the concept of data ownership and exploitation claims more precisely. 37 Despite the mentioned obstacles, the analysis of the current data market shows a clear trend towards the development of new trading platforms specialising in the commercial exchange of data. 38 Due to the rapid and agile development of data economics, providers of data marketplaces see increasing potential -as acceptance by customers grows over time.
These challenges are addressed by the emergence of data marketplaces that offer multilateral platforms with minimal entry barriers and thus reach non-technical companies and users (e.g. Dawex, IOTA, Databroker DAO and Streamr). 39 The literature and market research has shown that the current data marketplace concepts vary greatly depending on the data available and the strategic business interest. The focus, however, is increasingly on the emerging IoT and AI Forum be greater than the critical mass of users (also known as the chicken-and-egg problem).
At the same time, the provision of value-adding data-related services beyond the core functions of a data marketplace appears to be a key success factor. 44 One example is the recently opened Data Intelligence Hub, an independent trading platform specialising in data exchange between companies and simultaneously providing an environment for data analytics. The decisive factor is how such synergies drive the markets and how data providers are encouraged to offer their data.
Finally, the future development of markets and interdependencies between companies depends to a large extent on technical interoperability standards that enable extensive data exchange. 45 The crucial question will be how proprietary these standards are and how they are defi ned. For example, platform competition can lead to different standards, while at the same time a dominant platform can set a de facto standard. 46
Conclusion
Data trading is establishing itself as an increasingly important business segment in which data marketplaces play a key role as digital trading platforms. Such platforms are moving to the center of the data economy by providing an infrastructure for trading data and data-related services, thereby increasing the willingness to exchange data. Furthermore, they enable access to large, high-quality data sets and create the capacity to monetise a company's own database. Despite growing awareness of the data market, most data marketplaces are still in their infancy. Due to the enormous interest in the data economy and data monetisation, this is astonishing to both the theoretical and practitioner communities.
As data and information are getting more important for creating business value and generating money, the concept of data marketplaces makes perfect sense. However, differences can be identifi ed due to specifi c characteristics of data when transferring the characteristics of existing markets for tangible products and their marketplace structures. These differences were confi rmed by the review of the academic and practitioners' literature on data marketplaces. Various attributes and distinguishing features of data marketplaces were identifi ed. In order to work out these differences and to enable a structured classifi cation, a morphological box was developed and presented.
The results help to structure the fi eld and, by emphasising the current challenges and trends, give guidance for further research. Because of the rising interest in monetising data resources, data marketplaces are expected to advance to the center of the data economy by forming a neutral, scalable and systematic structure for the trading of data goods of various kinds.
